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^© Resin-laminated rubber piugs and manufacture thereof. 
CO 

CO© A rubber plug for a medical vial is made by 
^forming a resin-coated body (7) and thereafter, in a 
^second moulding stage forming the cap 14 and 
© upper part (16) of the body, so that the upper part is 
free from the resin coating. 
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"RESIN-LAMINATED RUBBER PLUGS AND MANUFACTURE THEREOF" 



This invention relates to rubber closures or 
plugs for medical vials or bottles and the manufac- 
ture of such closures or plugs. 

It is known that rubber plugs for viais which 
contain vulcanisation accelerators or other com- 
pounding agents render medical or pharmaceutical 
products which are kept in containers closed by 
such rubber plugs liable to deterioration, usually by 
contamination with fine particles of the aforemen- 
tioned accelerators or other agents. 

it has been proposed to laminate all the body 
portion of a rubber plug with a fluoro resin to 
prevent the rubber of the body portion from direct 
contact with a solution or other pharmaceutical 
product kept within the container closed by the 
plug. Examples are given by Japanese Patent Pub- 
lications Nos. 9119/1979 and 1355/1977 and Japa- 
nese Utility Model Publications Nos. 27753/1969, 
17831/1970 and 21346/1974. It has also been pro- 
posed to produce a rubber plug by means of a two 
stage moulding, as shown in Figure 3, and as also 
described in Japanese Patent Publication No. 
53184/1982. This proposal comprises placing a 
chemical resistant resin film 34 and a non-vul- 
canised rubber sheet 35 in that order over a lower 
metal mould 2 which has an annular recess 33 for 
forming the hollow annular body portion 36 of the 
rubber plug. An upper mould 31 is placed over the 
sheet 35 and the film 34 and sheet 35 are pressed 
between the moulds to form a body 36 of which 
the lower surface is covered with the resin film and 
of which the upper rubber surface is exposed. A 
flange 37 formed during moulding is cut off to 
provide the plug body 36 with an outside diameter 
of, at most, two thirds that of the intended outside 
diameter of the head of the plug. The head is 
formed by a remoulding technique in which a layer 
of non-vulcanised rubber 41 is placed over the 
body 36, held in a recess 40 in a lower mould 39, 
and a head-forming mould 38 is pressed over the 
layer 11 to form the head of the plug; unwanted 
material forced out laterally from the head is re- 
moved to make the final form of the plug, as shown 
in Figure 3 (P). 

In order to improve the quality of some phar- 
maceutical preparations such as cephalosporin, it is 
necessary to maintain the airtightness of a vial for a 
very long time. It has been proposed to provide a 
resin-laminated rubber plug A as shown in Figure 
4. In such a plug the outer circumference of the 
upper end 2 of the annular body of the plug is free 
from resin lamination, as explained in European 
Patent Application No. 0172613 filed 5th June 
1985. 



It is an object of the present invention to pro- 
vide an improved rubber plug, it is an alternative or 
additional object of the present invention to provide 
a resin-laminated rubber closure in which the inside 

5 height of a hollow body is greater than the outside 
height. It is a further alternative or additional object 
of the invention to provide a process for the pro- 
duction of a resin-laminated rubber plug, in which 
the outer circumference of the upper end of an 

10 annular body of the plug is not laminated, whereby 
the rubber surface is exposed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Figures 1 and 2 are schematic views illustrating 

the production of rubber plugs according to the 
invention; 

Figure 3 is a schematic drawing illustrating a 
previously known procedure for producing a rubber 
20 plug; 

Figure 4 is a side sectional view of a rubber 
plug which can be made according to the present 
invention; 

Figure 5 is a side sectional view of the rubber 
25 plug of Figure 4, in a position partly closing the 
mouth of a vial; 

Figure 6 is a side sectional view of the rubber 
plug of Figure 4, shown as completely closing the 
mouth of a vial; 
30 Figure 7 is a side sectional view of a rubber 

plug made according to the invention, completely 
closing the mouth of a vial and being fastened by 
an aluminium cap; 

Figure 8 is a plan view of another rubber plug 
35 made in accordance with the invention; 

Figure 9 is a partly sectioned side view taken 
on line M' in Figure 8; and 

Figure 10 is a part sectional side view taken on 
the line II— li" in Figure 8. 

40 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figure 1 illustrates one preferred method of 
45 making a rubber plug according to the invention. 
As is shown in Figure 1(a) a layer or plate of non- 
vulcanised rubber 5 is provided with a lower pro- 
tective layer 6, preferably of fluoro resin, and the 
laminate thus formed is pressed between an upper 
50 mould 1 and a lower mould 2. The lower mould has 
an annular recess 3, for forming the annular body 
part of the plug; in this method the central portion 
P of the lower mould protrudes above the outer rim 
of a annular recess 3. The laminate is pressed and 
vulcanised by the heated moulds. Preferably the 
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upper mould has a truncated conical recess 4 of a 
diameter substantially that of the outside diameter 
of the recess 3 in the lower mould. The first mould- 
ing step produces as shown in Figure 1 (b) a body 
part 7 which has a burr or sprue 8, which is 
removed, as shown by Figure 1(c). 

A second moulding stage is performed as 
shown in Figure 1(d). The previously formed body 
part 7 is inserted in a lower mould 10 of which the 
annular recess 11 is somewhat deeper than the 
recess 3 in the mould 2. in the moufd part 10, the 
central portion is of lesser height than the central 
part P of the mould 2. Otherwise the recess 1 1 of 
the mould 10 conforms to the shape of the body 
part 7 of the plug. Over the part 7 is disposed a 
plate 13 of non-vulcanised compound rubber, 
which is hot pressed and vulcanised by means of 
an upper mould 9 of which the recess 12 conforms 
to the desired shape of the upper surface of the 
head or cap of the plug. As may be seen from 
Figure 1 (d),(e) and (f) this process forms a plug in 
which part of the outer surface of the body of the 
plug is formed in the second stage, in this pre- 
ferred method because the recess 11 is deeper 
than the recess 3, and accordingly the plug is 
formed such that the upper region 16 of the body 
next to the cap 1 4 is formed free of the protective 
layer covering the lower portion and the inside of 
the hollow body of the plug. Unwanted material 15 
formed during the second moulding stage is re- 
• moved. 

Figure 2 illustrates an alternative method which 
is similar to that shown in Figure 1 except that the 
mould 1 has no recess 4, whereby the upper 
surface of the body part T is made flat. However, 
this surface is preferably formed as a frusto cone 
to increase the internal height of the body portion. 
This enables the central part of the piug to be 
made thinner (facilitating its piercing by a hyper- 
dermic needle) without requiring any hollowing of 
the cap, which can thereby be securely bonded to 
the body portion. 

The non-vulcanised compound rubber prefer- 
ably used in the present invention may be a syn- 
thetic or natural rubber such as butyf rubber, iso- 
prene rubber, butadiene rubber, halogenated butyl 
rubber, ethylene propylene terpolymer, silicone 
rubber and similar materials. For the protective 
coating, there may be employed tetrafluoroethylene 
polymer, trifluorochloroethylene polymer, 
tetrafluoroethylene-hexafluoropropylene copolymer, 
vinylidene fluoride polymer, vinyf fluoride polymer, 
tetrafluoroethylene-ethylene copolymer or 
trifluorochlorothyiene-ethylene copolymer. The pro- 
tective resin film has preferably a thickness be- 
tween 0.002 and 0.5 mm. 



The pressing and heating conditions in each 
moulding stage according to Figure 1 or Figure 2 
depend upon the fluoro resin layer employed, the 
particular rubber and compounding agents, the 

s thickness of the rubber and so on. However, the 
first moulding stage is preferably carried out at a 
temperature between 150 and 175°C and a pres- 
sure between 40 and 70 kg/cm 2 for about 10 min- 
utes, particularly 100 to 165°C and about 50 

io kg/cm 2 for about 15 minutes in an example in 
which the protective film is a tetrafluoroethylene- 
ethylene copolymer film and the compound rubber 
contains 58% of butyl rubber. The hot pressing and 
vulcanising step shown in Figure 1(d) is preferably 

15 carried out at a temperature of 160 to 175°C for 
about 8 minutes. 

The outer surface of the body may be of the 
simple form shown in Figure 1(f) but may be in 
more complex form as shown, for example, in 

20 Figure 4 wherein the upper part of the outer sur- 
face of the body has a shoulder or step 22 and the 
lower part of the outer surface of the body has a 
projection or barb 23. The various moulds must of 
course be modified accordingly. 

25 The particular plug shown in Figure 4 has a 

body part of which the height of the shoulder - 
(corresponding to the exposed rubber surface of 
the body) is x, and the lower portion of the outer 
surface of the body has a height y. In this embodi- 

30 ment the internal height of the body is greater than 
the height y, the difference in height m being 
preferably in the range 0.1 to 5mm. The airtight- 
ness when a vial is closed by the stopper is mainly 
determined by the height x which may be from 0.1 

35 to 5mm. The pierceability of the head may be 
increased by an increase in the dimension m. 

The protrusion or barb 23 (which may have a 
height between 0.1 and 1mm) may determine the 
position of the plug when a vial is half closed by 

40 the plug as shown in Figure 5; the protrusion 
prevents the stopper from sinking by virtue of the 
slippery surface of the fluoro-resin film. In use, a 
vial B is preferably half closed as shown in Figure 
5, subjected to freeze drying in a freeze drying 

45 chamber and then completely closed by the plug, 
as shown in Figure 6. The stopper may be further 
secured by means of an aluminium cap C as 
shown in Figure 7. 

When a rubber plug A is put into a vial B as 

so shown in Figure 5, the plug is maintained at a 
constant height by the protrusions 4 even if the 
diameter of the mouth of a viai should alter from 
vial to vial. A constant quantity of vapour may be 
exhausted and a constant degree of vacuum may 

55 be held in the vial. Freeze drying may accordingly 
be completed in a shorter time. Complete closure 
is performed after the introduction of an inert gas 
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such as nitrogen. In order to effect complete clo- 
sure, a large press may be used. The protrusions 
on the body part act as a buffer to protect the vial 
from breakage. 

Figures 8 to 10 illustrate further details of a 
stopper as generally shown in Figure 4. In this 
embodiment the protrusions 24 on the body portion 
are in the form of semi-trigonal pyramids. The 
upper end 16 of the body is not but the lower 
portion 17 is provided with a complete coating of 
the chemical-resistant resin. 

If as shown in Figure 9 the height of the body 
from the lower rim to the ceiling of the inner portion 
is represented by L1 and the height from the lower 
rim of the body to the protrusion is 12, the ratio L1 
to L2 should preferably be between 1 .7 and 1 .5. 

When the container or vial is in a half closed 
state, there is a danger that the rubber plug may 
incline or slip out of the mouth of the vial. To inhibit 
the tilting of the rubber plug, it may be provided 
with a further protrusion or set of protrusions 27 
below the protrusion or set of protrustions 24. 

As shown in Figures 8 and 9, the upper surface 
of the cap of the plug may be provided with ribs 45 
and a central recess 46. 

Figure 10 illustrates the formation of the upper 
portion 16 of the plug with two shoulders 37 and 
38, of which the lower shoulder 38 is bevelled. 



Claims 

1. A method of making a rubber plug for a 
medical vial or bottle, in which method a hollow 
body part (7) of the plug is moulded with a protec- 
tive coating in a first stage and during a subse- 
quent stage a rubber cap is formed by moulding 
and joined to the said body portion, characterised 
in that the upper part (16) of the outer surface of 
the body portion adjacent the cap (14) is formed 
during the said subsequent stage. 

2. A method according to claim 1 in which the 
body portion is moulded in the first stage by 
means of an annular mould and during the said 
subsequent stage the said body portion is held in 
an annular mould which is deeper than the first 
annular mould. 

3. A process for the production of a resin- 
laminated rubber plug for a medical vial, which 
comprises a step of hot pressing and vulcanising a 
non-vulcanised compound rubber plate (5) on one 
side of which a fluoro resin (6) is laminated be- 
tween a first metal mould (2) for forming a body 
part which mould is provided with a hollow part (3) 
of W-type in cross-section corresponding to the 
profile of the body part and another metal mould - 
(1) for forming an upper part which mould is pro- 
vided with a hollow part of truncated cone type or 



is plate-shaped and thereby obtaining a primary 
moulded article consisting of the body part com- 
pletely coated with the fluoro resin except for its 
upper surface, a step of removing the burr part (8), 

5 a step of charging the thus obtained primary 
moulded article in a second metal mould (10) 
which is provided with a recess (11) of W-type 
cross-section adapted to the profile of the body 
part and having a larger depth than the first metal 

w mould, placing thereon a non-vulcanised compound 
rubber plate (13), hot pressing and vulcanising this 
rubber plate by the use of another metal mould (9) 
for forming a cap (14) which mould is provided with 
a hollow corresponding to the profile of the cap, 

75 and thereby forming an upper body part and cap 
and integrating them with the primary moulded 
article and a step (4) of removing the burr part - 
(15) and thus obtaining a rubber plug in which the 
body is completely laminated with the fluoro resin 

20 except for the outer circumference of the upper 
part (1 6) of the body. 

4. A method according to claim 3, wherein the 
said second metal mould (10) is provided with a 
recess (11) which is 0.1 to 5mm deeper than the 

25 first metal mould. 

5. A method according to claim 3, wherein the 
first metal mould (2) is designed so as to form the 
leg part notched or cut at one or two positions. 

6. A method according to claim 3, wherein the 
30 first metal mould is designed so as to form at least 

one protrusion (23) on the coated portion of the 
body. 

7. A method according to claim 6, wherein the 
protrusions are four to eight in number and are 

35 small protrusions arranged symmetrically around 
the body. 

8. A method according to claim 6, wherein the 
protrusion is in the form of a rib, semi-trigonal 
pyramid or shoulder. 

40 9. A method according to claim 8, wherein the 

fluoro resin is a film with a thickness of 0.002 to 
0.5mm. 

m 

10. A method according to claim 3, wherein the 
fluoro resin is selected from the group consisting of 

45 tetrafluoroethylene polymers, trifluoroch- 
ioroethylene polymers, tetrafluoroethylene-hex- 
afluoropropylene copolymers, vinylidene fluoride 
polymers, vinyl fluoride polymers, 
tetrafiuoroethylene-ethylene copolymers and 

so trifluorochloroethylene-ethylene copolymers. 

11. A resin-laminated rubber plug for a medical 
vial, produced by the method according to any 
foregoing claim. 

12. A resin-laminated rubber plug for a medical 
55 vial, comprising an annular body (7) to be inserted 

into the mouth of the vial, the body being notched 
or cut at at least one position, and a cap (14) to 
contact the front surface of the vial mouth, in which 
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the outer and inner surfaces of the annular body 
are laminated with a chemical-resistant resin film 
except for the outer circumference of the upper 



end of the body to expose there the rubber surface 
and the body has at least one protrusion on the 
outer surface of the laminated portion. 
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FIG. 3 
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FIG. 4 
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FIG. 8 
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FIG. 10 




